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摘要 
背景：间充质干细胞是具有自我更新能力和分化能力的组织细胞前体细胞，
能够分化为一系列的间质细胞，包括成骨细胞、成软骨细胞、脂肪细胞、肌细胞
和内皮细胞等。细胞治疗是再生医学发展的一个重要分支。越来越多的研究发现，
间充质干细胞能够修复组织损伤，达到一定治疗效果。因此，间充质干细胞被视
为天然组织工程材料的重要种子细胞，具有广阔的应用前景。此外，间充质干细
胞具有负性免疫调节能力。在体外共培养条件下，间充质干细胞能够抑制免疫细
胞功能，包括抑制 T 细胞反应，抑制树突状细胞的成熟和抗原提成，抑制 B 细
胞激活和增殖，降低自然杀伤（natural killer, NK）细胞的增殖和毒性，促进调节
性 T 细胞 (regulatory T cells, Treg) 生成等。但是由于间充质干细胞在体内比例很
小，获取难度较大，体内间充质干细胞的数量不能满足临床治疗的需求。多能诱
导干细胞是体细胞经过重编程技术得来的细胞，在功能上类似于胚胎干细胞。多
能诱导干细胞分化成的间充质干细胞可能弥补间充质干细胞供应不足这一缺陷。
研究报道，诱导多能干细胞分化成的间充质干细胞(induced pluripotentstemcell 
derived mesenchymal stem cell, iPS-MSC)在体外也能够抑制 NK 细胞的毒性，并
且 iPS-MSC 和胚胎干细胞来源的间充质干细胞(enbryonic stem cell derived 
mesenchymal stem cell, ES-MSC)比骨髓间充质干细胞 (bone marrow-derived 
mesenchymal stem cells，BM-MSCs)在拮抗 NK 细胞的激活上具有更好的效果。
CD4+T 细胞能够分化为一系列的细胞亚群保护机体免受病原体伤害，包括辅助性
T 细胞 1(T helper1)和辅助性 T 细胞 2(T helper 2)。研究发现，在体外共培养体系
中，间充质干细胞能够抑制 Th1 细胞的伽马干扰素（IFN-γ）分泌，促进 Th2 细
胞的白细胞介素 4（interleokin 4，IL-4）释放。但是，由于缺乏一个有效的实验
动物模型，目前对间充质干细胞在体内的免疫调节能力和机制还知之甚少。
capspase 在 T 细胞内稳态和 T 细胞介导的免疫反应方面发挥了关键的作用。抑制
caspase8 的活性伴随着 T 细胞存活的减少。因此 caspase 可能在间充质干细胞抑
制 T 细胞免疫应答这一过程中发挥了一定的作用。 
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研究内容和方法：1）实验动物模型构建。本课题借鉴了胰岛移植模型，构
建了小鼠肾被膜下细胞移植模型，共分四组：a）空白对照组，移植等体积的 PBS，
对小鼠造成相同的手术创伤；b）内皮细胞（HUVEC）移植组，内皮细胞是细胞
免疫排斥的首要靶点，在本课题中作为阳性对照；c）iPS-MSC 移植组，处理方
法与 b 组一致；d）内皮细胞和间充质干细胞联合移植组（Co-grafts）（HUVEC：
iPS-MSC=1:1），移植的总细胞数和 b、c 组一致，但是内皮细胞和间充质干细胞
各自减半后混合。2）组织病理检测。移植一周后利用 HE 染色技术和激光共聚
焦技术分别检测受体移植部位免疫细胞浸润情况和移植细胞的存活情况。3）T
细胞亚群检测。通过流式细胞术检测受体小鼠脾脏内 T 细胞整体比例变化，以及
Th1、Th2 和 Treg 细胞整体比例变化；将 T 细胞分离纯化与体外内皮细胞和间充
质干细胞共培养，检测 T 细胞群体比例改变。4）PCR 技术和 ELISA 技术检测脾
脏组织炎性因子改变。5）淋巴细胞增殖检测。分离受体小鼠脾脏细胞进行体外
培养，利用 BrdU 和 MTT 技术检测脾细胞的增殖能力；将分离纯化的 T 细胞在
体外与内皮细胞、干细胞共培养，BrdU 检测 T 细胞的增殖能力；将 T 细胞培养
在内皮细胞和间充质干细胞的培养上清中，检测 T 细胞的增殖能力；6）抗体芯
片检测。利用抗体芯片技术检测内皮细胞和间充质干细胞的代谢组学，并进行
Go oncology 分析。7）受体小鼠脾脏信号通路检测。利用 western blot 技术检测
受体小鼠脾脏组织半胱天冬酶（caspase）信号通路的改变，并利用信号通路抑制
剂验证该信号通路参与免疫应答的可能性。 
结果：与 HUVEC 移植组相比较，1）间充质干细胞组移植组显著地抑制了
炎症细胞浸润，并且在肾被膜下可以更好地存活；2）间充质干细胞移植减少了
脾脏内 T 细胞亚群比例，减少了 Th1、Th2 细胞亚群比例，增加调节性 T 细胞的
数量；3）体外共培养结果显示，间充质干细胞抑制 T 细胞群体内 Th1、Th2 的
比例；4）间充质干细胞抑制了体内脾细胞的增殖；间充质干细胞及其培养上清
抑制了体外 T 细胞的增殖 5）间充质干细胞移植降低了脾细胞内和血清中细胞因
子 IL-2、IL-4 的表达，促进抑制性细胞因子 IL-10、TGF-β 的表达。6）抗体芯片
检测显示间充质干细胞高表达和分泌 276 种可溶性因子，包括 IL-10、TGF-β、
TSG-6 等已报道的免疫调节因子。Go oncology 分析显示其中 137 种富集在免疫
系统进程（immune system process），51种富集在细胞因子产生（cytokine production），
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参与了淋巴细胞调控。7）信号通路检测显示，间充质干细胞移植减低了脾脏内
caspase 3，caspase 8，PARP 的活性。体外抑制 caspase 3 和总的 caspase 活性能够
抑制 ConA 诱导的 T 细胞增殖；体外 TGF-β 刺激抑制 ConA 诱导的脾细胞和 T
细胞增殖，抑制 Th1 和 Th2 亚群比例，失活 caspase 3，激活 caspase 8 和 PARP。 
结论：1）间充质干细胞移植能够抑制免疫细胞浸润；2）间充质干细胞移植
抑制促炎性细胞因子表达和释放，促进抑炎性因子表达和释放；3）间充质干细
胞移植能够通过旁分泌形式抑制辅助性 T 细胞群体比例，负性调控 T 细胞介导
的免疫应答；4）间充质干细胞能够表达和分泌大量的可溶性因子调控免疫应答；
5）间充质干细胞移植通过或部分通过失活 caspase 3，caspase 8 和 PARP 方式抑
制小鼠脾脏免疫应答；6）体外 TGF-β 刺激能够抑制 ConA 诱导的脾细胞和 T 细
胞增殖，抑制 Th1 和 Th2 群体比例，失活 caspase 3，但激活 caspase 8 和 PARP。
由此表明，间充质干细胞移植不完全通过分泌 TGF-β 调控小鼠脾脏免疫应答。 
关键词：间充质干细胞，免疫调节，T 细胞，caspase，辅助性 T 细胞 
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Abstract 
Background：MSCs are usually defined as a group of progenitor cells that are capable 
of differentiating into a number of mesenchymal lineages such as osteogenesis, 
chondrogenesis, myogenesis, adipogenesis and endothelial cell. Cell theraphy is an 
important branch of regeneration medicine. Increasiong data show that MSCsact 
therapeutic effect by reparing tissue damage. Stem cells are deemed as the seeds of 
tissue engeering biomaterials and have a promising source for novel 
therapies.Besides,MSCs exhibit a negative modulation of immune properties. In 
coculture system in vitro,MSCs suppress T cells response, inhibit dendritic cell 
maturation and antigen presentation, impair B cell activation and proliferation, reduce 
proliferation andcytotoxicity of NK cells, and promote the generation ofregulatory T 
cells. However,theresource of MSC is difficult to meet the need of clinical use. 
Induced pluripotentstemcell (IPSC) ， reprogrammed fromsomatic cell, may 
breakthrough this limitation.IPS-MSC (induced pluripotentstemcell derived 
mesenchymal stem cell), can strongly inhibit the cytotoxic functions of natural 
killer.Moreover, iPS-MSCs and ES-MSCs are more resistant than BM-MSCs (bone 
marrow mesenchymal stem cells) topre-activated NK cells. CD4+ T helper cells 
differentiate into several diverse subsets to provide host protection from a variety of 
pathogens,including T helper 1(Th1)cells and T helper 2 (Th2) cells.MSCscause Th1 
cells to decrease IFN-γ and cause the Th2 cells toincrease secretion of IL-4 in 
co-culture system.Lacking of animal model indeed restrict the research on 
immunomodulation of MSC in vivo. The effect and the mechanism of MSC 
regulating immune system in vivo are still unclear.Caspase activation is required for T 
cell proliferation and early selction. Therefore, Caspase may act roles in MSC 
inhibited T cell response. 
Materials and methods：1) We have utilized the example of islettransplantation，and 
established an animal model by kidney sub-capsular injection of iPS-MSC. Mice were 
randomly divided into 4 groups, control, HUVEC, MSCand co-grafts groups:i）control 
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group. Mice were operated with same wound and transplanted with equal PBS in 
volume. ii) Human umbilical vein endothelial cell (HUVEC) group.HUVEC 
transplantation was positive control because vascular endothelial cells play an 
important role in the initial step of eosinophil recruitment and activation in immune 
and inflammatory responses.；iii）iPS-MSCtransplantation；iv）co-transplantatedthe 
same number of HUVECand iPS-MSC mix (1:1)（Co-grafts）as group B and group C. 
2）Histopathological detection.Examine infiltrating inflammatory cells and survival of 
transplanted graftes by hematoxylin and eosin (H&E) and laser scanning microscope 
respectively one week post-transplantation. 3) T cells subsets analysis. Analyze the 
proportion of T cells in spleen, and proportion of Th1, Th2 and Treg subsets in CD4+ 
Tcell by flow cytometry (FCM) Analysis; co-culture the purified T cells and HUVEC 
or iPS-MSC, detect the Th1 and Th2 subsets. 4)Detect the expression of inflammatory 
factor in mRNA level and protein level by real-time PCR and ELISA respectively.5) 
Examination of proliferation of lymphocyte.Isolate the splenocytes of recipent mice 
and cultured in vitro.The proliferation of splenocytes was detect by BrdU assay and 
MTT assay. Co-culture the purified T cells and HUVEC or iPS-MSC and detect the 
activation of T cells by BrdU assay. Culture the purified T cells in the supernatant of 
HUVEC or iPS-MSC, and dectect the activation of T cells. 6)RayBio® Human 
Label-based Antibody Array.RayBio®Human label-based antibody array was 
performed to examine the metabolite of iPS-MSC and HUVEC, by which507 factors 
were detected. The results were collected and analyzed by Go oncology analysis.7) 
Signal pathway examination. The activity of caspase was detected by western blot. 
Besides, we validated this results by caspase inhibitation. 
Results:Compared with the HUVEC transplanted group, iPS-MSC transplantation 
significantly decreased the infiltrating inflammatory cells and have a better survaval 
in the sub-capsularof kidney. 2)iPS-MSC transplantationsignificantly declined the 
proportion of T cells and CD4+Th1 and Th2, increased the number of Tregs. 3)In 
co-culture system, iPS-MSC reduced the CD4+ Th1 and TH2 proportion. 4) iPS-MSC 
inhibited the proliferation of splenocytes of recipent mice and the proliferation of 
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purified T cells in vitro.5) IPS-MSC transplantation impaired the expression of 
pro-inflammatory factors and promoted the the expression of anti-inflammatory 
factors in mRNA and protein level.6) RayBio®Human label-based antibody array 
reveals that iPS-MSC high expressed and secreted 276 soluble factors than HUVEC, 
including IL-10, TGF-β, TSG-6,et cl. which have been reported as 
immunomodulatory factors.Go oncology analysis showed that 137 of the 276 factors 
enriched in immune system process, 51 factors enriched in cytokine production. There 
are many factor enriched in immunocyte regulation. 7) The activition of caspase 3, 
caspase 8 and PARP in spleen of recipent mice was inhibited byiPS-MSC 
transplantation. Inhibitation of caspase 3 and totale capapse lead to a reduction of 
Th1and Th2 proportion and T cell respones induced by ConA 
exposure.Adiministration of TGF-βinhibited the proliferation of both splenocytes and 
T cells as well as the Th1 and Th2 subset.Exposure of splenocyes to TGF-β inactived 
capase 3, but, in contrast, actived caspase 8 and PARP. 
Conclusion:1) iPS-MSC transplantation significantly decreased the infiltrating 
inflammatory cells and have a better survaval in the sub-capsularof kidney;2) 
iPS-MSC transplantation decreased the expression and secretion of pro-inflammatory 
factors and increased the expression and secretion of anti-inflammatory factors；3) 
iPS-MSCtransplantation declined the proportions of T helper cells and negetively 
regulated T cells response in a paracrine way. 4) iPS-MSCs expressed and secreted 
masses of soluble factors which involved in immune response. 5) iPS-MSC 
transplantation inhibited immune resonse in spleen of recipent mice by, at least partly 
by, inactivating caspase 3, caspase 8 and PARP. 6)Adiministration of TGF-β inhibited 
ConA induced proliferation of both splenocytes and T cells, impaired Th1 and Th2 
proportion. Exposure of splenocyes to TGF-β inactived capase 3, but, in contrast, 
actived caspase 8 and PARP, which suggest that iPS-MSCs inhibited T cell mediated 
immune response not completely through TGF-β pathway. 
KEYWORD: Mesenchmal stem cells, immunomodulation, T cells, caspase, T helper 
cells. 
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